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I. INTRODUCTION
Hyperon radiative decays constitute an interesting class of processes that has been stud-
ied intensively, both theoretically and experimentally, for the past 20 years. However, despite
these efforts we still lack a global understanding of these processes [1].
Some of these decays may be sensitive to the s → dγ transition, which tests the Stan-
dard Model at the one-loop level and is similar to the b → sγ transition recently seen at
Cornell which has generated a large amount of interest [2]. Therefore, it would be extremely
interesting to obtain any experimental information on it. In this paper we re-examine the
assertion [3] that the decay Ω− → Ξ−γ can provide a window to the s → dγ transition. In
the following we briefly review the arguments that led to this conclusion.
There are two distinct contributions to hyperon radiative decays, namely short- and
long-distance contributions. In short-distance processes, the photon is emitted at a close
distance (typically x ≃ 1/MW ) from the weak interaction vertex whereas in long-distance
processes (x ≃ confinement radius) one can separate the weak from the electromagnetic
vertices.
At the quark-level, there are in general three types of contribution to hyperon radiative
decays, as shown in Fig. 1. The first diagram (Fig.1a) corresponds to a W-exchange and
is a long-distance process, whereas Fig. 1b (single-quark transition s → dγ) and Fig. 1c
(penguin diagram) are short-distance processes.
It is known that the s→ dγ transition cannot be the dominant one in all hyperon decays
[4]. This is to be expected since W-exchange is the main term in the ∆S = 1 effective
Hamiltonian. However, there are two hyperon radiative decays, namely Ω− → Ξ−γ and
Ξ− → Σ−γ, where the quark content of the initial and final state baryons does not allow a
W-exchange contribution. Therefore, only the s → dγ and penguin diagrams contribute at
the quark level to the decay.
Let us concentrate first on Ξ− → Σ−γ. It has been shown [5] that the penguin contribu-
tion for this process is negligible. In Ref. [6], the s→ dγ contribution to the branching ratio
was calculated to be BRs→dγ(Ξ− → Σ−γ) = 1.8×10−5. However, although the W-exchange
process does not contribute directly to Ξ− → Σ−γ, it does contribute to Ξ− → π−Λ, where
the final state can then re-scatter as π−Λ → Σ−γ. This long-distance contribution has
been estimated as BRLD(Ξ− → Σ−γ) = 1.7 × 10−4 [7], close to the experimental result
BRExp(Ξ− → Σ−γ) = (1.27± 0.23)× 10−4 [8].
This leaves us with the process Ω− → Ξ−γ as the only candidate for probing the s→ dγ
transition in hyperon radiative decays. Let us summarize what is known about this process
so far. There is an experimental upper limit determined recently [9]:
BRExp.(Ω− → Ξ−γ) < 4.6× 10−4. (1.1)
This is well above the unitarity limit [7] :
BRUnitarity(Ω− → Ξ−γ) > 0.8× 10−5. (1.2)
The penguin contribution has been estimated as [5] :
BRPenguin(Ω− → Ξ−γ) ≃ 5× 10−6. (1.3)
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Kogan and Shifman [7] have also calculated the long-distance contribution from the dominant
Ξ0π− intermediate state as :
BRLD(Ω− → Ξ−γ) = (1–1.5)× 10−5. (1.4)
The contribution from the single-quark s → dγ transition has been re-evaluated recently
[10] yielding :
BRs→dγ(Ω− → Ξ−γ) = 8.0× 10−7 (1.5)
This result corrects a previous calculation [3], where it was claimed that the single quark
transition should be the dominant contribution to the Ω− radiative decay. Both calculations
[10,3] were based on estimating the hadronic matrix element of the effective operator de-
scribing the single-quark transition, using SU(6) quark-model wave functions and assuming
unit overlap.
Due to the importance of this process, we believe that a more reliable estimate of the
single-quark s→ dγ contribution to the radiative decay Ω− → Ξ−γ is in order. This is the
purpose of the present work, where we perform a calculation of the same matrix element
using the well known technique of QCD sum rules [11].
The QCD sum rule approach was successfully applied to the Σ+ → pγ decay by Balitisky
and collaborators [12], who calculated in this way the dominant W-exchange. QCD sum-
rules were also employed before for the calculation of the single-quark contribution [13] to
the Σ+ and Ξ− radiative decays. Although the single quark transition is not the dominant
contribution in these decays, the calculation exposed the role of non-perturbative corrections
which alter the naive picture of the single-quark transition in a major way: it showed that it
is not a good approximation to assume a unity overlap for the quark-model wave functions.
This paper is organized as follows. Section II discusses the effective operator for the
s→ dγ transition. In Section III we derive the sum rules and in Section IV we present the
results and conclusions.
II. THE EFFECTIVE OPERATOR FOR S → Dγ TRANSITION
We are interested in computing the contribution of the quark level s→ dγ transition to
the radiative decay Ω → Ξγ. This transition does not occur at tree-level in the Standard
Model. Hence, it could in principle provide a good test to the Standard Model at the 1-loop
level, being sensitive also to new Physics.
The effective hamiltonian (with the heavy quarks c, b and t as well as electroweak gauge
bosons integrated out ) that describes |∆S = 1| transitions is given by :
H|∆S=1|eff. =
−4GF√
2
λu
8∑
k=1
ck(µ)Ok(µ) , (2.1)
where GF is the Fermi constant, and we use the notation λi to denote the following product
of elements of the Cabibbo-Kobayashi-Maskawa (CKM) matrix, λi = VsiV
∗
id . The Wilson
coefficients ck can be computed perturbatively and {Ok} is a complete set of operators
written as:
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O1 = (u¯αγµPLsβ)(d¯βγµPLuα)
O2 = (u¯αγµPLsα)(d¯βγµPLuβ)
O3 = (d¯αγµPLsα)
∑
q=u,d,s
(q¯βγ
µPLqβ)
O4 = (d¯αγµPLsβ)
∑
q=u,d,s
(q¯βγ
µPLqα)
O5 = (d¯αγµPLsα)
∑
q=u,d,s
(q¯βγ
µPRqβ)
O6 = (d¯αγµPLsβ)
∑
q=u,d,s
(q¯βγ
µPRqα)
O7 = ie
16π2
ms(d¯ασµνPRsα)F
µν
O8 = igs
16π2
ms(d¯ασµνT
a
αβPRsβ)G
aµν , (2.2)
where P L
R
= 1
2
(1 ∓ γ5) , σµν = i[γµ, γν]/2; F µν and Gaµν are the electromagnetic and color
field tensors respectively.
We are interested in the Wilson coefficient c7(µ = ms), which controls the short distance
contribution to the process s→ dγ.
The Wilson coefficients are first computed at the scale µ =MW in zeroth order in QCD.
QCD corrections are included by evolving these coefficients down to µ = ms using the renor-
malization group equations. This evolution is accomplished in three steps. Schematically
one has :
ck(µ = ms) = U
3
kl(ms, mc) U
4
ln(mc, mb) U
5
nm(mb,MW ) cm(MW ). (2.3)
The evolution matrix with f active quark flavors in the leading logarithmic approximation
can be written as [14] :
Uf (m1, m2) = V TV
−1 , (2.4)
where V is a matrix that diagonalizes the transpose of the 8×8 anomalous dimension matrix
γ :
γD = V
−1γV , (2.5)
and T is a diagonal matrix with elements given by :
Tii =
[
αs(m2)
αs(m1)
](γD)ii/2β0
, (2.6)
where β0 = 11−2f/3 and in this approximation the running of the strong coupling constant
is described by :
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αs(m2) =
αs(m1)
1− β0
2pi
αs(m1) ln(m1/m2)
. (2.7)
We now turn to a discussion of the initial conditions. Due to our choice of factoring out
λu in eq.(2.1), we have:
c2(MW ) = 1 , c1,3−6(MW ) = 0 . (2.8)
The values for c7 and c8 at µ = MW are given in terms of functions arising from one-loop
diagrams with an external photon and a gluon respectively [15,16]. These function F2(xi)
and D(xi), where xi = m
2
i /M
2
W and mi is the mass of the quark running in the loop, are
given by:
F2(x) = Q
[
x3 − 5x2 − 2x
4(x− 1)3 +
3x2 ln(x)
2(x− 1)4
]
+
2x3 + 5x2 − x
4(x− 1)3 −
3x3 ln(x)
2(x− 1)4 ; (2.9)
D(x) =
x3 − 5x2 − 2x
4(x− 1)3 +
3x2 ln(x)
2(x− 1)4 , (2.10)
where Q is the charge of the internal quark.
In table 1 we show the contributions to F2 from the different internal quarks and its
product with the relevant CKM matrix elements. We use the following values for the quark
masses and λi : mt = 175 GeV, mc = 1.5 GeV, mu = 5 MeV, λu = 0.21, λc = −0.21
and λt = −(1.2 − 7.2) × 10−4, where the CKM elements were obtained from the standard
parametrization of the Particle Data Book neglecting CP violation, that is taking δ13 = 0.
From this table we see that, as opposed to the b→ sγ case, the top quark contribution
is not the dominant one for s→ dγ and we must take into account both t− and c− quarks
in computing the initial values for c7 and c8, which are given by :
c7(MW ) =
−1
2
(
λt
λu
F2(xt) +
λc
λu
F2(xc)
)
; (2.11)
c8(MW ) =
−1
2
(
λt
λu
D(xt) +
λc
λu
D(xc)
)
. (2.12)
In order to compute the evolution matrix we use the anomalous dimension matrix given in
ref. [14] and αs(MW ) = 0.124. However, from eq.(2.7) one would get a value for αs(ms) > 1,
since for consistency with the leading-log anomalous dimension matrix we have to compute
the running of αs in one-loop only. In this case we use αs(ms) = 1. We find:
c7(ms) = −0.50c2(MW ) + 0.27c7(MW ) + 0.13c8(MW ). (2.13)
The numerical values for the initial conditions for c7 and c8 are:
c7(MW ) = (2.1− 7.7)× 10−4 , c8(MW ) = (1.4− 4.2)× 10−4 , (2.14)
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and from Eq.(2.13) we see that c7(ms) is insensitive to the the values of c7(MW ) and c8(MW ),
being dominated by c2(MW ). This result is in contrast to what happens in the b → sγ
case. It can be understood since in the s→ dγ case we have c2(MW ) ∝ λu and c7,8(MW ) is
effectively proportional to λt with λt ≪ λu; in the b→ sγ case, one has c2(MW ) ∝ |VbcV ∗cs| ≃
|VbtV ∗ts| ∝ c7,8(MW ) .
Unfortunately, Physics beyond the Standard Model would contribute mostly to c7,8(MW )
and from our calculation we see that unless the modification implies in an increase of
c7,8(MW ) by roughly four orders of magnitude, no significant contribution will be made
to the s→ dγ process.
Using equations (2.2), (2.8) and (2.13) we arrive at the main result of this section:
Hs→dγeff. =
−4GF√
2
λu c7(ms)O7 = (0.28) ieGF
16π2
ms(d¯ασµνPRsα)F
µν . (2.15)
III. QCD SUM RULES
The subject of this section is the evaluation of the s → dγ contribution to the four
multipole amplitudes that appear in the transition matrix related to the radiative decay
Ω− → Ξ−γ, using a QCD sum rule approach.
A. Formalism
We start with the three-point correlation function
Πµ(Qi, Qf ) = −i
∫
d4xd4yeiQfye−iQix〈0|T[ηΞ(y)Hs→dγeff (0)ηΩµ (x)]|0〉 , (3.1)
where Hs→dγeff is given by Eq.(2.15).
As usual, our goal is to make a match between the two representations of the correlation
function (3.1) at a certain region Q2i ∼ 1 GeV2: the operator product expansion (OPE) in
powers of Q2i and the phenomenological representation of the dispersion integrals. The basic
idea, supported by ample successful applications, is that taking into account only the first
few terms in the Q2i expansion, complemented by rather simple assumptions for the higher
mass contributions to the dispersion relation, will already provide a good estimate to the
amplitudes of interest.
The Ω− and Ξ− interpolating fields are given by [18]
ηΞ
−
(x) = −ǫabc
(
sTa (x)Cγµsb(x)
)
γ5γ
µdc(x) , (3.2)
ηΩ
−
µ (x) = ǫabc
(
sTa (x)Cγµsb(x)
)
sc(x) . (3.3)
With these definitions and working at leading order in perturbation theory we obtain for
the T product appearing in Eq.(3.1)
6
〈0|T[ηΞ(y)Hs→dγeff (0)ηΩµ (x)]|0〉 =
−ieGF
16π2
0.28msǫabcǫa′b′c′F
αβγ5γ
νSdce(y)(1 + γ5)σαβS
s
ec′(−x)×
{
tr[Ssbb′(y − x)γµC(Ssaa′(y − x))TCγν ] + 2γµC(Ssaa′(y − x))TCγνSsbb′(y − x)
}
, (3.4)
where the coordinate-space quark propagator in the presence of the quark condensate takes
the following form [18,19]
Sqab(x) = 〈0|T[qa(x)qb(0)]|0〉 =
iδab
2π2
/x
x4
− δab
4π2
mq
x2
− δab
12
〈qq〉+ iδab
48
mq〈qq〉/x+ · · · . (3.5)
The amplitude Πµ(Qi, Qf) includes a lot of different non-trivial Lorentz structures. For
each one of these structures, Πk(Q
2
i , Q
2
f ), we can write a double dispersion representation of
the form
Πk(Q
2
i , Q
2
f ) =
1
π2
∫ ∞
0
ds1
∫ ∞
0
ds2
ρk(s1, s2)
(s1 +Q2f)(s2 +Q
2
i )
+ · · · , (3.6)
where the ellipsis represents subtractions polynomials in Q2i and Q
2
f , which will vanish under
the double Borel transform [20], which is a straightforward generalization of that used in
Ref. [11]. Applying the double Borel transform to Eq.(3.6) gives
Πk(M
2
1 ,M
2
2 ) =
1
π2
∫ ∞
0
ds1
∫ ∞
0
ds2ρk(s1, s2)e
−s1/M21 e−s2/M
2
2 . (3.7)
In the phenomenological side the various Lorentz structures can be obtained from the
consideration of the Ω and Ξ contribution to the dispersion sum rule
〈0|ηΞ|Ξ(Qf)〉〈Ξ(Qf)γ|Hs→dγeff |Ω(Qi)〉〈Ω(Qi)|ηΩµ |0〉 , (3.8)
where the most general, gauge invariant form for the amplitude of the Ω− → Ξ−γ decay is
given by [3]
M(Ω− → Ξ−γ) = 〈Ξ(Qf)γ|Hs→dγeff |Ω(Qi)〉 = ieGFu(Ξ)(Qf )[(a1 + γ5a2)(/qgµν − γµqν)
+ (b1 + γ5b2)(Qi.qg
µν −Qµi qν)/MΩ]u(Ω)ν (Qi)ǫµ , (3.9)
where q = Qf − Qi, ǫµ is the polarization of the photon, and a1, a2, b1 and b2 are the four
amplitudes we want to evaluate. The other matrix elements contained in Eq.(3.8) are of the
form
〈0|ηΞ|Ξ(Qf)〉 = λΞu(Ξ)(Qf) , (3.10)
〈Ω(Qi)|ηΩµ |0〉 = λΩu(Ω)µ (Qi) , (3.11)
where uµ(p) is a Rarita-Schwinger spin-vector satisfying
u(Ω)µ (p)u
(Ω)
ν (p) = −
(
gµν − 1
3
γµγν − 2
3M2Ω
pµpν +
γµpν − γνpµ
3MΩ
)
(/p+MΩ) , (3.12)
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u(p) is a Dirac spinor and λΞ, λΩ are the couplings of the currents with the respective
hadronic states.
Saturating the correlation function Eq.(3.1) with Ω and Ξ intermediate states, and using
Eqs.(3.8), (3.9), (3.10), (3.11) and (3.12) we get
Π(phen)µ (Qi, Qf ) = −ieGFλΞλΩ
(/q + /Qi +MΞ)
Q2f +M
2
Ξ
[
(a1 + γ5a2)(/qǫ
β − /ǫqβ) + (b1 + γ5b2)×
(Qi.qǫ
β −Qi.ǫqβ) 1
MΩ
](
gβµ − 1
3
γβγµ − 2
3M2Ω
QiβQ
i
µ +
γβQ
i
µ − γµQiβ
3MΩ
)
(/Qi +MΩ)
Q2i +M
2
Ω
. (3.13)
In this work we will derive sum rules for the Lorentz structures:
a : /q(a1 + γ5a2)σαβγµ/Qiǫ
αqβ , (3.14)
b : /q(b1 + γ5b2)(Qi.qǫµ −Qi.ǫqµ) . (3.15)
This choice is based on the fact that the structure a gets perturbative contribution (which is
very important in the case of double dispersion relation analysed here [20]) as well as power
corrections contributions, and the structure b is the only one that contributes solely to the
amplitudes b1 and b2. Furthermore, as we will show, both sum rules are very stable as a
function of the Borel masses.
For the continuum contribution we adopt the standard form of Ref. [20], which completes
our parametrization of the spectral density ρk:
1
π2
ρa(s1, s2) =
−2
3
eGFλΞλΩδ(s1 −M2Ξ)δ(s2 −M2Ω)
+ θ(s1 − sΞ)θ(s2 − sΩ)ρ(0)a (s1, s2) , (3.16)
1
π2
ρb(s1, s2) = −ieGFλΞλΩδ(s1 −M2Ξ)δ(s2 −M2Ω)
+ θ(s1 − sΞ)θ(s2 − sΩ)ρ(0)b (s1, s2) , (3.17)
where sΞ, sΩ are, respectively, the continuum threshold of the Ξ and Ω determined in the
mass sum rules, and ρ
(0)
k (s1, s2) is the free-quark spectral function.
Let us now calculate the left-hand side of the sum rule Eq.(3.7) using the OPE. We shall
consider only the diagrams shown in Fig.2. The perturbative contribution to the sum rule
is shown in Fig.2a and is obtained by using only the first term in the right-hand side of
Eq.(3.5) in Eq.(3.4). The resulting expressions for the two chosen structures are
Π(a)µ (M
2
1 ,M
2
2 ) =
−3eGF0.28ms
29π6
M61M
6
2
(M21 +M
2
2 )
3
/q(1− γ5)σαβγµ/Qiǫαqβ , (3.18)
Π(b)µ (M
2
1 ,M
2
2 ) =
3ieGF0.28ms
28π6
M61M
8
2
(M21 +M
2
2 )
4
/q(1− γ5)(Qi.qǫµ −Qi.ǫqµ) . (3.19)
Noticing that Eq.(3.7) is the double Laplace transformation in 1/M2i , the free-quark
spectral function, ρ
(0)
k (s1, s2), can be obtained from Eqs.(3.18) and (3.19) by applying the
inverse transformation. It gives
8
1π2
ρ(0)a (s1, s2) =
−3eGF0.28ms
210π6
s1s2δ(s1 − s2) , (3.20)
1
π2
ρb(s1, s2) =
−ieGF 0.28ms
29π6
s32δ
′(s2 − s1) . (3.21)
The next term in the OPE is determined by Figs.2b, c and d. The contribution of Fig.2d
exactly cancells the contributions of Figs.2b and c for the structure b. The result of the
three diagrams for the structure a is
5eGF0.28ms
26π4
ms〈ss〉 M
2
1M
2
2
(M21 +M
2
2 )
2
[
M22 +M
2
1 ln
(
M21 +M
2
2
m2s
)]
/q(1− γ5)σαβγµ/Qiǫαqβ . (3.22)
The last diagram which we take into account is shown in Fig.2e. It does not give any
contribution to the structure b and the contribution to the structure a is
−eGF0.28ms
12π2
〈ss〉2/q(1− γ5)σαβγµ/Qiǫαqβ . (3.23)
The gluon condensate is not taken into account because its contribution is suppressed relative
to the operator mq〈qq〉 (which has the same dimension) by an extra loop factor 1/16π2.
In general, when a real photon is emitted, one has also to consider diagrams such as that
in Figure 3, involving long distances in the photon channel. However, this diagram gives a
negligible contribution, as it is proportional to the part of the photon wave function at long
distances, involving quarks of different flavors [12,21]. Therefore, we do not consider it here.
Collecting all the obtained contributions, and transferring the continuum contribution
to the OPE side, we arrive at the following representation to the amplitudes:
a1 = −a2 = 3
2π2
eM
2
Ξ
/M2
1 eM
2
Ω
/M2
2
λ˜Ξλ˜Ω
0.28ms
[
3
26
∫ sΞ
0
ds1
∫ sΩ
0
ds2s1s2δ(s1 − s2)e−s1/M21 e−s2/M22
+
5π2
16
msfa
M21M
2
2
(M21 +M
2
2 )
2
(
M22 +M
2
1 ln
(
M21 +M
2
2
m2s
))
+
1
12
f 2a2
]
, (3.24)
b1 = −b2 = 1
25π2
eM
2
Ξ
/M2
1 eM
2
Ω
/M2
2
λ˜Ξλ˜Ω
0.28ms
∫ sΞ
0
ds1
∫ sΩ
0
ds2s
3
2
d
ds2
(δ(s2 − s1))e−s1/M21 e−s2/M22 ,
(3.25)
where λ˜H = 4π
2λH , a = −4π2〈qq〉, and f = 〈ss〉/〈qq〉.
B. Sum Rule Analysis
The sum rules are sampled in the region of Borel mass, M2, which have been identified
as the fiducial region for the baryon mass sum rules [22]
1.4 ≤M21 ≤ 2.0GeV2 for Ξ , (3.26)
2.4 ≤M22 ≤ 3.2GeV2 forΩ . (3.27)
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The values used for λ˜H and sH are extracted from the respective mass sum rules analysed in
the same region given above. For Ξ we get from Ref. [22] λ˜Ξ ≃ 1.6GeV3 and sΞ = 3.6GeV2.
For Ω, using the sum rules given in [23], we get λ˜Ω ≃ 3.8GeV3 and sΩ ≃ 7.5GeV2. The value
of the other parameters are [22]: a = 0.55GeV3, ms = 150MeV, f = 0.8, MΞ = 1.32GeV
and MΩ = 1.67GeV.
In Fig.4 we show the result obtained for a1 as a function of M
2
1 for different values of
M22 . One can see that a1 varies very slowly with M
2
1 but not so slowly with M
2
2 . In the
Borel region considered the amplitude a1 change less than 20%. The same behaviour can be
observed in Fig.5 where a1 is plotted as a function of M
2
2 for different values of M
2
1 .
For the amplitude b1 we get an even more stable result. As can be seen by Figs.6 and 7
b1 varies slowly with M
2
2 and with M
2
1 . In the Borel region considered b1 changes less than
10%. Using M21 = M
2
Ξ and M
2
2 =M
2
Ω we get
a1 = −a2 ≃ 1.10MeV , (3.28)
b1 = −b2 ≃ −0.58MeV . (3.29)
IV. RESULTS AND CONCLUSIONS
Given the values of the form factors a1, a2, b1, b2, we can compute the decay width
Γ(Ω− → Ξ−γ) [3]:
Γ(Ω− → Ξ−γ) = 2
3
αG2F q
3
0H (4.1)
where
q0 =
(M2Ω −M2Ξ)
2MΩ
(4.2)
is the photon energy in the Ω rest frame and
H =
[
(1 +
pΩ · pΞ
M2Ω
)(a21 + a
2
2) + (
pΩ · pΞ
M2Ω
)(b21 + b
2
2)+ (4.3)
(1 +
pΩ · pΞ
M2Ω
)(a1b1 + a2b2) +
MΞ
MΩ
(b21 − b22) +
2MΞ
MΩ
(a1b1 − a2b2)
]
Using the values obtained in the last section we get:
Γ(Ω− → Ξ−γ) = 5.6× 10−11eV (4.4)
which results in a branching ratio
BR(Ω− → Ξ−γ) = 7.0× 10−6. (4.5)
As mentioned before, the penguin contributions to this decay were calculated using
bag model matrix elements, for weak and electromagnetic transitions at baryon level, and
standard penguin coefficients, yielding [5]:
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BRPenguin(Ω− → Ξ−γ) ∼ 2× 10−3(CP/C1)2 ≃ 5× 10−6, (4.6)
where the ratio of the CP/C1 coefficients of the QCD-corrected nonleptonic Hamiltonian is
approximately 1/20 [11,25,26].
Our result suggests that the different contributions to the branching ratio BR(Ω− →
Ξ−γ) arising from the single-quark s → dγ transition, Eq.(4.5), the penguin diagram,
Eq.(4.6), and the long distance process, Eq.(1.4), are all comparable. In order to separate
the contributions from these different processes it may be necessary to study the asymme-
try parameters of the decay. It is also worth mentioning that the result given in Ref. [10],
Eq.(1.5), would be of the same order as our result, Eq.(4.5), had they used the same value
of c7(ms) given here. In Ref. [10] they also estimated another class of long distance con-
tributions to the Ω− → Ξ−γ decay, using the vector meson dominance approximation, and
they found that it could possibly saturate the experimental upper bound. However, their
long distance result is proportional to a quantum chromodynamics coefficient, whose direct
estimate is not reliable since all the calculation is far from the perturbative regime. For this
reason we chose to quote here only the more traditional long distance result given in Ref.
[7].
Our result is roughly a factor of 60 below the experimental upper limit, Eq.(1.1), and it
would be extremely interesting if new experiments could bring the upper limit down, since
even adding all the contributions to this decay, one still gets a number that is at least one
order of magnitude smaller than the experimental upper limit.
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TABLES
TABLE I. Values of F2 and |λi|F2 for different internal quarks.
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FIGURES
FIG. 1. Typical diagrams contributing to hyperon radiative decays at quark level.
FIG. 2. Diagrams considered for the calculation of the Wilson coefficients of the correlator
function. The crossed circle indicates the weak transition, with photon emission, and the cross on
the s-quark line indicates that the ms correction to the propagator is relevant.
FIG. 3. A qq pair in the vacuum coupled to the electromagnetic current at large distances.
FIG. 4. The amplitude a1 as a function of M
2
1 for M
2
2 =M
2
Ω (full line),M
2
2 = 2.4GeV
2 (dashed
line) and M22 = 3.2GeV
2 (dotted line).
FIG. 5. The amplitude a1 as a function of M
2
2 for M
2
1 =M
2
Ξ (full line),M
2
2 = 1.4GeV
2 (dashed
line) and M22 = 2.0GeV
2 (dotted line).
FIG. 6. Same as Figure 4 for b1.
FIG. 7. Same as Figure 5 for b1.
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Quark F2 |λi|F2
u 2.3× 10−9 4.8× 10−10
c 2.0× 10−4 4.2× 10−5
t 0.39 (4.7− 28)× 10−5
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